Abbreviation: (FMD) flow-mediated vasodilation
Introduction
Endot helial dysfunction is a common denominator in many pathologies in man. It is associated with aging, diabetes, high blood triglycerides, cigarette smoking, and other contributors to inflammation. [1] [2] [3] [4] [5] With so many factors that can alter blood flow in the skin and other organs, the concept of "what is" normal blood flow is important to know as a basis of comparison to the diseased state. Numerous factors can influence resting blood flow. Skin blood flow in hairy skin, for example, is controlled through the release of compounds synthesized in vascular endothelial cells, some of which reduce circulation and some of which increase circulation through constricting or relaxing vascular smooth muscle. 6, 7 Thus the vascular endothelial cell controls the contractile state of vascular smooth muscle. 8 This article will encompass a brief review of the methods used to
Methods Used to Measure Skin Blood Flow

Venous Occlusion Plethysmography
Plethysmography has been used since the 1900s to measure limb blood flow. It does not measure skin blood flow alone, but measures blood flow to the entire limb. The oldest technique involves placing the arm or leg in a water bath and measuring the displacement of water when a venous occlusion cuff is placed on the thigh or axilla. 5 Because veins are capacitance vessels, when a pressure of 50 mm Hg is applied to a venous occlusion cuff, the veins fill and the volume of the arm changes. 9 This displaces water, the amount of which is equal to the incoming blood flow in the limb. This technique requires careful sealing of the limb in the bath through windows which usually leak constantly. This technique will only work on limbs. Water volume plethysmography was replaced by the use of a Silastic tube that encircled the limb and was filled with mercury. 5, [10] [11] [12] Because the limb increases volume when the veins are occluded, this would, in turn, stretch the Silastic tubing and change the electrical resistance in the mercury. This technique has been used continuously since the 1950s as a gold standard for measuring limb blood flow. 13, 14 There are, however, limitations. First, skin and muscle blood flows are measured together, and there is no way to partial out skin blood flow. Second, unless the Silastic is kept stretched by a small weight, it responds nonlinearly to stretch and has a hysteresis in stretching and relaxing that causes an error in blood flow recordings. In addition, for high blood flows, the venous cuff must also be inflated in less than 0.5 s or the veins will fill before the cuff fully inflates. The hand circulation must also be eliminated by an arterial occlusion cuff since it is so high that it will fill the veins in the arm very quickly. Finally, since the actual strain gauge is only on a fraction of the arm, it may give false low recordings. This has been seen when an air cuff is placed over the whole arm to measure volume changes. 15 For high flow rates, the Dohn air cuff gave higher flow reading than the mercury in rubber strain gauge systems. 15 This technique is also very motion sensitive. This technique provides actual blood flow in cc/100 g tissue per minute.
Ultrasound
Ultrasound has been used for many years to measure blood flow. In large and small arteries, ultrasound can be used to measure the blood flow velocity by the Doppler technique, and when multiplied by vessel diameter, it can provide the blood flow. [16] [17] [18] This technique works for large and small arteries but does not give tissue blood flows. 19 In a pulsed ultrasound system, a time delay is placed between the transmission of a pulse and the recording. The returning signal generates a difference from the transmitted frequency due out the velocity of the blood cells under the sampling area. 20 The principal defect is that the angle of the ultrasound head must always be perpendicular to the artery, and the larger the artery, the better. Equipment frequency and resolution is also important. 19 Movement of the patient induces a large error in the recording. 21 Linear pulse array ultrasound heads work best in the 5-10 MHz range. 21 A major problem is plaque, which can occlude the signal and cause false low blood flow recordings. 21 Ultrasound cannot provide microvascular blood flows.
Laser Doppler Blood Flow
Laser Doppler techniques are the most common techniques for measuring skin blood flow. 21, 22 Like ultrasound, it depends on the change in frequency between an applied laser beam and the returning beam of light to determine the velocity of blood flow. The transmission of light is used to assess red cell concentration, which, when multiplied by the velocity, provides blood flow. 23 The unit of blood flow is the "flux." The laser used on the skin typically has a diameter of approximately 1 mm. 24 If the dot is in a fixed location, it is called a laser Doppler flow meter. If the beam scans the skin, a large skin area can be scanned and a laser Doppler image of the skin surface reflecting blood flow can be seen. [25] [26] [27] These devices are called laser Doppler imagers. Another technique is laser speckle flow imagers. They project a constant speckle laser pattern on the skin to obtain rapid pictures of flow, typically 25 per second compared with 2 min using a laser Doppler imager. 28 The speed is a sacrifice for depth of penetration, which is less than 1/2 dermal thickness. Depending on laser frequency and power, all techniques have different areas they cover and different penetration into tissue.
There are numerous pros and cons to this technique. First, skin blood flow varies continuously because of vasomotor rhythm and respiration. Blood flow increases slightly during exhaling and is reduced slightly during inhalation. If flow is sampled too quickly, it may be high or low, depending on respiration. Blood flow also varies with the beat of the heart. During systole, it increases, and it decreases during diastole. Thus one important variable is recording for at least 20 s to get an average blood flow in a given region of the skin.
Skin light scattering properties as well as that of other tissues alters the depth of penetration of laser Doppler measurements of blood flow. 29 The smallest depth of penetration is with single fiber optic fiber flow meters, where depth can be as little as 146 µm. Further, for singlefiber probes, a freckle or even an ink spot on the skin can occlude the transmission of light and show small or negligent blood flows. If the probe is placed near the blood supply of a hair follicle or sweat gland, the reading can be very high. Single fiber probes can also be subject to motion artifacts. Even the slightest movement can alter the apparent blood flow. The frequency of light is also important in determining depth of penetration. Red laser light penetrates about 2/3 of dermal thickness, while infrared penetrates full dermal thickness in the skin. 30 Therefore, the most accurate systems are the large beam laser Doppler imagers, because these scan slowly over a large area and, with an infrared beam, have good penetration. But these are also motion sensitive, and therefore, the subject must sit or lie comfortably. 31 Acclimatization should be 20-30 min as blood flow is often not stable when a person walks because exercise increases skin circulation as does high environmental temperatures. 31 Ambient light levels should be kept low because they can interfere with flow recordings. Pressure should not be applied to the skin, as this will change blood flow. 32 Talking and moving should be avoided during imaging because these will alter the skin blood flow.
Given these limitations, this is presently the best technique to measure blood flow in the skin.
Thermostrom
One novel technique for measuring skin blood flow is by using a heated thermistor pair. 33 This technique uses a pair of matched temperature-sensing devices called thermistors. These devices change electrical resistance with temperature. By placing a single coil of wire around one thermistor, a current through the coil is used to heat one thermistor 1 °C above the other. If the device is placed on the skin, the greater the skin blood flow, the greater will be the current needed to heat the one thermistor. Therefore, current is proportional to blood flow. The advantage of this device is that it samples over a large area (typically 0.5 cm 2 ) and responds slowly so that motion artifacts are at a minimum. The depth of penetration is not clear and depends on the passive thermal properties of the skin. Blood flow is in relative units.
Hertzman Photoelectric Plethysmography
Light (infrared) is absorbed by blood going through the skin. In the 1940s, Hertzman discovered this, and by placing an infrared light source at 45° to the skin and a photocell at 90° to the light source, the transmission of infrared light provides a measure of tissue blood flow. [34] [35] [36] [37] One problem is motion. Any movement causes such a large artifact that flows cannot be recorded. They also only give relative blood flows and not absolute blood flows. 38 However, this technique is cheap and is still used today for many applications. 39, 40 It can be used for skin or even for organs with implantable probes. 41
Impedance
Tissue impedance gives a measure of blood flow. 42 It does not measure skin blood flow independent of limb blood flow. This technique requires four electrodes (two on the upper and two on the lower limb). It uses a change in tissue conductivity to measure blood flow. 43, 44 This technique is very subject to body hydration levels and to race and age differences in tissue conductivity. Limb fat content also creates an error.
Radioactive Isotopes
Radioactive isotopes have been used to measure skin blood flow. For example, Xenon-133 clearance has been used in many studies. 45, 46 Radioactive iodine and krypton have also been used as well as phosphorous 32 . 47 Radioactive microspheres have also been used and can be labeled with nuclides C 41 , Ce 51 , Cr, 85 Sr, 95 Nb, or 46 SC. 48 The common problem with these techniques is that they are expensive, and for some of the ions like xenon, they are absorbed by body fat, which changes the clearance rate and creates an error. 49 Therefore, to understand skin blood flow, it is best to start with the endothelial cell in the vascular system.
The Vascular Endothelial Cell
The start of any discussion of what resting blood flow is begins with the lining of the blood vessels, the vascular endothelial cell. The endothelial cell is the final interphase between the blood and the surrounding vascular smooth muscle. 7, 8 The contractile state of vascular smooth muscle is controlled by factors released by these endothelial cells. 50 Two classes of compounds are released, broadly called vascular relaxation factors and vasoconstrictors. They diffuse through the endothelial cell, into vascular smooth muscle, and into the circulation. 51, 52 Vascular relaxation factors are fat-soluble chemicals that increase potassium permeability in the surrounding vascular smooth muscle and impair calcium permeability. 53 Since the membrane potential of an excitable cell is largely due to the potassium equilibrium potential, endothelial cells and smooth muscle cells are both electronegative on the inside with respect to the outside. 3 However, in smooth muscle, there is also some sodium permeability in the resting cell membrane. Sodium, a positively charged ion found in the blood and largely absent intracellularly in vascular smooth muscle, readily diffuses down its concentration gradient from blood into muscle, carrying positive charges into muscle. 7 These charges reduce the electronegativity of the intracellular plasma membrane. Therefore, an increase in potassium permeability will neutralize some of these positive charges, making the membrane potential more negative and moving it farther away from threshold. [54] [55] [56] Hyperpolarization of the smooth muscle membrane and reduced calcium permeability relax vascular smooth muscle and allow an increase in skin blood flow.
Compounds released by vascular endothelial cells, called vasoconstrictors, are also fat-soluble compounds and diffuse into blood and vascular smooth muscle. 6, 57 In vascular smooth muscle, they bind to calcium channels, increasing calcium permeability. Thus, for a given action potential, more calcium enters and smooth muscle constricts, thereby limiting circulation by reducing the lumen size of the arteriole. 57 At any one time, both factors are being released simultaneously. When the balance of release tilts more in one direction than in the other, the luminal size of the arteriole changes and hence, circulation increases or decreases, respectively. [58] [59] [60] [61] A principal vasodilator is nitric oxide. 62 It is released by vascular endothelial cells and synthesized by the enzyme endothelial nitric oxide synthetase. 63 Nitric oxide is derived by the bioconversion of l-arginine to l-citrulline, two common amino acids. L-arginine has three nitrogens in its structure. 2, 62, 64 The enzyme nitric oxide synthetase removes one of the nitrogens and oxygens, forming another amino acid, L-citriline, 58, 65 leaving nitric oxide as the byproduct of the reaction. Nitric oxide diffuses from the endothelial cell into vascular smooth muscle, where it binds as a ligand to the enzyme guanalyl cyclase. 66 This activates the enzyme, allowing it to form cyclic guanosine monophosphate, the chemical mediator that increases potassium permeability and reduces calcium permeability in smooth muscle. 67 This, in itself, hyperpolarizes smooth muscle, making it harder to excite and promoting relaxation. To hyperpolarize smooth muscle cells further, there are gap junctions connecting endothelial cells to smooth muscle that allow hyperpolarization to occur on smooth muscle when endothelial cells hyperpolarize due to the presence of substances that cause the release of nitric oxide. 68 Another class of compounds that is associated with vascular control is the prostaglandins. Prostaglandins are derived from the fatty acid arachidonic acid, commonly found throughout the body. Arachidonic acid is in high concentrations in cell membranes. 7 In the membrane of the endothelial cell and other cells in the body is an enzyme called cyclooxygenase. 69 Cyclooxygenase adds oxygen to couple two of the carbons in arachidonic acid, forming the first member of a class of compounds called prostaglandins. Some of the prostaglandins cause vasodilation, while others cause vasoconstriction. For example, one member of the class, called prostacyclin, is a prostaglandin-mediated vasodilator compound. 69 Prostaglandin H2, on the other hand, causes increased sodium permeability in vascular smooth muscle via cyclic adenosine monophosphate and is a potent vasoconstrictor.
The cell membrane of the vascular endothelial cell contains receptors. The insulin receptor, for example, causes the activation of the phosphatidylinositol 3'-kinase pathway when insulin binds to the receptor. 70 This pathway is activated by several receptors, including G-protein-coupled receptors (e.g., chemokine receptors), estrogen, tyrosine kinases (e.g., vascular endothelial growth factor receptors), integrins, and death receptors (e.g., tumor necrosis factor-α receptor). [71] [72] [73] In turn, phosphatidylinositol 3-kinase signaling promotes nitric oxide release (through endothelial nitric oxide synthase phosphorylation), angiogenesis (through Ras homolog A), endothelial progenitor cell recruitment, and cell viability. 74
Factors that Alter Tissue Blood Flow
Tissue Local Pressure and Occlusion
When pressure is applied to the skin, affected tissues can become hypoxic and increase the concentration of metabolites that dilate arterioles and decrease vascular resistance in healthy skin. 75, 76 When pressure is applied to skin, skin blood flow increases to prevent damage to tissue. However, with ever-increasing pressure, the tissue hydrostatic pressure rises above arterial pressure, and skin blood flow is eventually occluded. 65, 76 Once the pressure is released, local blood flow is temporarily elevated due to increased vascular metabolites such as hydrogen ions. 65, 76 The temporary increase in skin blood vessels mediated by substance P and other vasoactive neuropeptides such as calcitonin gene-related peptide released from sensory nerves. [83] [84] [85] As this initial response subsides, there is a more prolonged increase in skin blood flow mediated by nitric oxide released from vascular endothelial cells. While the initial increase in skin blood flow is mediated by TRPV1 voltage-gated calcium channels on tactile sensory nerves, the sustained blood flow response to heat is mediated by the enzyme endothelial nitric oxide synthetase activated by calcium released intracellularly through TRPV4 voltage-gated calcium channels. 54, 55, 64 Skin circulation remains elevated to remove heat from skin while heat is applied. 52, 56, 79, 86 While several vasodilators respond to heat in younger individuals, with aging, nitric oxide is the predominant pathway associated with sustaining the heat-mediated vasodilatation. [86] [87] [88] The response to heat is illustrated in Figure 3 for younger subjects, older subjects, and subjects with diabetes (discussed later).
Moist Heat and Skin Blood Flow
While the concept of heat increasing circulation has been known for decades, the interaction of other stimuli with heat has not been well studied. For local heat, for example, if electrical stimulation is applied to skin at currents less than 20 mA when the skin is warmed at the same time, the blood flow response of the skin will be greater than that of the heating alone. 83, 90 Conversely, if the skin is cooled, blood flow will be reduced in proportion to the skin temperature. When the skin is cooled to 30 °C, the blood flow is called a reactive hyperemia and serves to reoxygenate tissue and flush vasodilator metabolites from the tissue. 55 The size of the reactive hyperemia is proportional to the duration and extent of vascular occlusion during the time that pressure is applied. However, this response is blunted in older people and especially in people with diabetes as shown in Figure 1 . 76 Full occlusion of circulation creates a much larger reactive hyperemia after the occlusion is removed. A standard test of endothelial function is to occlude circulation for 4 min and then measure the reactive hyperemia that follows. 77 For young individuals, as shown in Figure 2 , the hyperemia lasts less than 2 min in the skin. It initially increases approximately 20-fold and then returns to a normal circulation after 2 min. The total increase in blood flow over the 2 min period is called excess blood flow and represents the repayment of metabolic debt in the tissue incurred during occlusion.
Effect of Temperature on Skin Blood Flow
Pennes first established that circulation can protect the skin from damage that might occur after application of a heat source. 79, 80 The increase in skin circulation in response to a sustained heat locally applied to the skin involves two separate mechanisms: a quick-acting response and a slow-acting response. For a rapidly applied heat source, skin circulation does not respond fast enough to dissipate heat, and only the passive properties of skin can protect skin from damage. 81, 82 When a sustained heat load is applied to skin, in the first few minutes, tactile sensors in skin cause a progressive vasodilatation in same electrical stimulation has no effect on skin blood flow. 91 This phenomenon is explained best by the fact that multiple stimuli operate through the same voltagegated channels on vascular endothelial cells. A type of voltage-gated calcium channel, the TRPV4 channel, is common to transduction of vertical pressure, shear pressure, sensation for warmth, response to acetylcholine and blood and tissue osmolarity. 65 By sharing the same receptor, these stimuli interact with each other. If the cell osmolarity is high, then the blood flow response to heat is high, while low cell osmolarity reduces the blood flow response to heat 92 as shown in Figure 4. Figure 4 shows the blood flow response to 20 min of sustained heat to bring the skin to three different skin temperatures, 38, 40, and 42 °C. The graph is the average of 10 subjects, showing the blood flow response to a dry heat source (ThermaCare heat wraps) and a chemical moist heat wrap, where heating is by water vapor at 100% humidity.
Aging and Diabetes
Both aging and diabetes alter skin blood flow. Aging reduces skin blood flow. 78 Part of the mechanism is due to endothelial cell damage. This damage reduces the release of vasodilators such as prostacyclin and impairs nitric oxide release or bioactivity. 93 In some studies, it has been demonstrated that nitric oxide production is impaired due to a defect in the enzyme that produces nitric oxide, nitric oxide synthetase. 93 Other studies point to reduced availability of the amino acid l-arginine that is the precursor for the production of nitric oxide. 94 Many studies point to reduced bioavailability of nitric oxide due to oxidation by free radicals to peroxynitrite. 77 Peroxynitrite has no biological activity as a vasodilator, and therefore the balance in the endothelial cell moves toward vasoconstriction of the arteries and blood flow is reduced at rest and in response to stress. 57 For example, when occlusion is applied to the arm as was seen in Figure 2 , in older people, as aging progresses, there is a reduction in blood flow at rest and in response to occlusion. This is further exacerbated in people with diabetes. Here, aging and diabetes both cause a reduction in skin blood flow at rest and in response to occlusion. This is best shown in Figure 5 . Illustrated here is the total excess blood flow after occlusion in young, old, and people with diabetes over the 2 min postocclusion period as shown in Figure 2 . The total excess blood flow is the total blood flow above rest in the 2 min period after vascular occlusion for 4 min. As shown in this figure, the older the person, the less the total increase in blood flow after occlusion. Interestingly, the two lines showing a reduction in excess blood flow with increasing age for subjects with and without diabetes are parallel with identical slopes; the only difference is that diabetes reduces blood flow in response to occlusion at any age. The response to heat on the skin is similar; it is reduced by both aging and diabetes.
Vitamins and Blood Flow
Vascular endothelial function is critical for the health of the organs in the body. 95 It was once believed that endothelial dysfunction was only seen with age and diseases such as diabetes. 57 This reduction in endothelial function causes an impaired blood flow response to stressors on the skin such as heat and pressure and reduced blood flow to vital organs such as the heart and kidney, causing senescence in the cardiovascular system. 7 With what the World Health Organization calls an epidemic of obesity and diabetes, endothelial impairment is being seen even in young people. 95 One factor believed to be a principal cause of endothelial dysfunction is high concentrations of free radicals in the body. Free radicals are commonly produced and neutralized in the body. 96 Some free radicals are produced and used for cellular communication, while others are produced as a natural product of cellular metabolism. 26, [97] [98] [99] For example, nitric oxide, a commonly produced free radical, is released from mitochondria and vascular endothelial cells to increase circulation in the tissue. 26 Two to five percent of oxygen used by mitochondria forms free radicals. 100 With exercise, oxidative phosphorylation increases dramatically, increasing the production of free radicals. 101 For example, using electron spin resonance spectroscopy, 102 there was a 70% increase in free radical production from electrically stimulated rat muscle compared with controls. It is of no surprise, then, that exercise is considered an inflammatory process. 101 While nitric oxide is a free radical, it is relatively weak compared with other free radicals such as hydrogen peroxide. When such superoxides react with nitric oxide, they bio convert it to an inactive form such as peroxynitrite (ONOO), a free radical with no influence on circulation. 95 Bioconversion of nitric oxide to peroxynitrite is believed to be one of the mechanisms associated with the reduction in circulation at rest and during stress in older people and people with diabetes. 95 A common measure of endothelial function is flowmediated vasodilation (FMD), which is mediated by shear stress on large arteries through a prostaglandin mechanism 95 and is a measure of macrovascular function. High free radical levels in young men have been shown to be negatively correlated with FMD (of arteries). 59, 103 Another measure of endothelial function is the skin response to local heat. 95 Numerous studies have examined the administration of vitamins A, C, and E, known potent antioxidants, on free radicals and performance. For example, since free radicals are associated with muscle soreness and the inflammatory response to exercise, various studies have shown that oral doses of vitamin E or C increase the antioxidant capacity and a reduction in muscle soreness. 104, 105 In a study of chronic smokers, FMD was reduced in smokers but increased in the same population with administration of vitamin C (1000 mg) and E (500 U) for 25 days. Another study of smokers also showed a low FMD, which was reversed with administration of 600 IU of vitamin E for 4 weeks. 106 Gross measures of vascular function such as protection from damage from myocardial infarction have been shown with as little as 14 days of vitamin E supplementation by scavenging free radicals, improving antioxidants, and maintaining Ca(2+) levels. 107, 108 Considering the fact that numerous studies have examined the benefit of vitamins in reducing free radicals in the body, [109] [110] [111] it is surprising that very little has been done to see if vitamin supplementation can alter direct measures of endothelial function, such as the response to local heat or occlusion-mediated vasodilatation. However, as shown in Figure 6 , when young subjects took high doses of vitamin C, E, and coenzyme Q10 for 2 weeks, there was a greater blood flow response at rest and in response to heat. difference in the nitric-oxide-mediated phase in response to heat. In these same groups of subjects, Koreans also had a diminished blood flow response to occlusion for 4 min on the arm (Figure 8 ). 
Race
Blood flow in skin and other tissues is controlled by vascular endothelial cells. Studies show that different racial populations have different genes that can alter endothelial function. 113 For example, people from Thailand and other Northern and Southern Asian countries have a "thrifty gene." 113, 114 This gene was developed to protect this population from starvation and alters a nuclear transmitter PPAR. 114 The gene was developed to allow people from Asia to exist on a carbohydrate diet, low in fat. The thrifty genotype involves many single nucleotide polymorphisms. 115 When this population eats a high-fat diet, free radicals are produced in endothelial cells, which impairs their function. 77 Figure 7 shows the blood flow response to heat in Koreans versus Caucasians that were age matched. Skin was heated over 6 min to a temperature of 42 °C. During heating, there was no difference in the tactile sensory phase (first 2 min) but a significant Figure 9 . Malondialdehyde is a measure of blood-born free radicals used to assess oxidative stress in the body. Illustrated here is the average malondialdehyde in venous blood in 10 Caucasians and 10 Koreans at baseline and 2 h after a high-fat and low-fat meal both before and after a 2-week vitamin regime. MDA, malondialdehyde. High-fat foods are especially hard on Koreans due to the "thrift" genes. If age-matched Koreans and Caucasians (10 in each group) are given a low-and high-fat meal, the oxidative stress 2 h after the meal, as shown by malondialdehyde in the blood in Figure 9 , is much higher than the Asians. But if both groups are placed on a vitamin regime high in vitamin C and E and Q10, potent antioxidants, for 2 weeks and the meals are repeated, the oxidative stress is reduced in the Koreans. Similarly, after ingesting a high-fat meal, Koreans have a diminished blood flow response to occlusion as shown in Figure 10 . After 2 weeks of vitamins, Figure 11 , the blood flow response to occlusion is not altered by a high-fat meal in these same Koreans. Figure 10 . Illustrated here is the blood flow response to 4 min of occlusion in 10 Koreans 2 h after a high-fat meal before vitamin administration. Blood flow was measured in the skin by a laser Doppler imager. Blood flow postocclusion was significantly lower after a highfat meal (2 h post; analysis of variance p < .05). Figure 11 . Illustrated here is the blood flow response to 4 min of occlusion in 10 Koreans after a high-fat meal before and after two weeks of vitamin administration. Blood flow was measured in the skin by a laser Doppler imager. There was no significant difference in the blood flow response to occlusion before and after the high-fat meals (analysis of variance p > .05).
Summary
Resting blood flow is a balance between multiple factors that cause vasodilation and constriction. Even at similar skin temperatures, other factors such as skin moisture, pressure, age, diabetes, and exposure to free radicals alter the skin blood flow. Therefore, skin blood flow at rest and in response to stress is a balance of many factors, and no one number represents this value. Thus resting blood flow is just too dependent on too many factors to be represented by a single value. However, certain conditions make studies more reliable if skin blood flow is to be measured. First, the most reliable technique to measure blood flow is a laser imager where at least an area of 1 × 1 cm 2 is measured with a slow scan over a 1 min period. Next, subjects should rest at least 30 min before measurements in a thermally neutral room. 140where there is little movement. Room light should be dim, and infrared light should be avoided. Subjects should be tested at the same time of the day, and high-fat meals should be avoided within 4 h of testing.
